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Abstract²
&
 VKDSH \LHOGLQJ GHYLFHV &GHYLFHV DUH HIIHFWLYH
WRROV IRU LQWURGXFLQJ VXSSOHPHQWDO VRXUFHV RI HQHUJ\ GLVVLSDWLRQ E\
K\VWHUHVLV6WXGLHVKDYHVKRZQWKDW&GHYLFHVPDGHRIPLOGVWHHOFDQ
EH VXFFHVVIXOO\ DSSOLHG DV LQWHJUDO SDUWV RI VHLVPLF UHWURILWWLQJ
VFKHPHV+RZHYHU H[SOLFLWPRGHOOLQJRI WKHVHGHYLFHV FDQ EHFRPH
FXPEHUVRPHH[SHQVLYHDQGWLPHFRQVXPLQJ7KHGHYLFHXQGHUVWXG\
LQ WKLV DUWLFOH KDV EHHQ SUHYLRXVO\ XVHG LQ QRQLQYDVLYH GLVVLSDWLYH
EUDFLQJ IRU VHLVPLF UHWURILWWLQJ7KH GHYLFH LV FXW IURPDPLOG VWHHO
SODWH DQG KDV DQ RYHUDOO VKDSH WKDW UHVHPEOHV WKDW RI D UHFWDQJXODU
SRUWDO IUDPHZLWK FLUFXODU LQWHULRU FRUQHU WUDQVLWLRQV WR DYRLG VWUHVV
FRQFHQWUDWLRQDQGWRFRQWUROWKHH[WHQVLRQRIWKHGLVVLSDWLYHUHJLRQRI
WKHGHYLFH$QXPEHURILQHODVWLFILQLWHHOHPHQW)(DQDO\VHVXVLQJ
HLWKHU LQHODVWLF ' SODQH VWUHVV HOHPHQWV RU LQHODVWLF ILEUH IUDPH
HOHPHQWVDUHUHSRUWHGDQGXVHGWRFDOLEUDWHD'HTXLYDOHQWLQHODVWLF
VSULQJPRGHO WKDW HIIHFWLYHO\ UHSURGXFHV WKH F\FOLF UHVSRQVH RI WKH
GHYLFH7KHPRUHHODERUDWH)(PRGHODFFRXQWVIRUWKHIULFWLRQDOIRUFHV
GHYHORSHGEHWZHHQWKHVWHHOSODWHDQGWKHEROWVXVHGWRFRQQHFWWKH&
GHYLFHWRVWUXFWXUDOPHPEHUV)(UHVXOWVDOVRDOORZWKHYLVXDOL]DWLRQRI
WKHLQHODVWLFUHJLRQVRIWKHGHYLFHZKHUHHQHUJ\GLVVLSDWLRQLVH[SHFWHG
WRRFFXU)(DQDO\VLVUHVXOWVDUHLQDJRRGDJUHHPHQWZLWKH[SHULPHQWDO
REVHUYDWLRQV

Keywords²&GHYLFH HTXLYDOHQW QRQOLQHDU VSULQJ )( DQDO\VHV
UHYHUVHGF\FOLFWHVWV
,,1752'8&7,21
$1<W\SHVRI&GHYLFHKDYHEHHQGHYHORSHGRYHUSDVW
GHFDGHV VXFK DV WKH &GHYLFH ZLWK UHFWDQJXODU FURVV
VHFWLRQ>@FLUFXODUFURVVVHFWLRQ>@DQGFXUYHG&GHYLFHV>@
>@&GHYLFHVPDGH IURPVWHHOSODWHVDUHDQRWKHU LQVWDQFHRI
\LHOG K\VWHUHWLF HQHUJ\ GLVVLSDWLRQ GHYLFHV +(''
LQFRUSRUDWHG LQ WKH &URPZHOO %ULGJH 1HZ =HDODQG >@
*HQHUDOO\ &GHYLFHV DUH IDEULFDWHG IURP HLWKHU D VROLG VWHHO
SURILOHRUFXWIURPDPLOGVWHHOSODWH$PRQJWKHVHGHYLFHVWKH
&GHYLFHGHVFULEHGLQ>@DQGVKRZQLQ)LJZDVSURSRVHG
DVDQDOWHUQDWLYHFKHDSHU&GHYLFH7KLV LVGXH WR LWV VLPSOHU
JHRPHWU\7KLVGHYLFHLVIDEULFDWHGIURPDPLOGVWHHOSODWHXVLQJ
D VLPSOH FXWWLQJ SURFHGXUH >@ ,W KDV DQ RYHUDOO UHFWDQJXODU
VKDSHZLWKFLUFXODULQWHULRUFRUQHUWUDQVLWLRQVRIUDGLXVݎDQGD
GLVVLSDWLYH UHJLRQ RI OHQJWK ܮௗ 7KH FLUFXODU WUDQVLWLRQV DUH
ORFDWHG DW ERWK VLGHV RI WKH &GHYLFH WR UHGXFH VWUHVV
FRQFHQWUDWLRQ DW WKH LQWHULRU FRUQHUV VR WKDW LQHODVWLF
GHIRUPDWLRQRFFXUVPDLQO\LQWKHGLVVLSDWLYHUHJLRQRIGHYLFH. 
7KHGLVWDQFHEHWZHHQWKHORQJLWXGLQDOD[LVRIWKHGHYLFHxd-
xdDQGORQJLWXGLQDOD[LVRI\LHOGLQJUHJLRQx-xUHVXOWVLQWKH
HFFHQWULFLW\ ܮ௬ $OWKRXJK WKH DERYH &GHYLFH DSSHDUV ZHOO
FRQFHLYHG IXUWKHU DQDO\WLFDO DQG H[SHULPHQWDO VWXGLHV RI WKH

2GD\$O0DPRRULJUDGXDWHG IURP WKH8QLYHUVLW\RI%DE\ORQ ,UDTDQG LV
FXUUHQWO\D3K'VWXGHQWDWWKH8QLYHUVLW\RI%ULJKWRQ%ULJKWRQ0RXOVHFRRPE
SODFH%1+48.HPDLORKK#EULJKWRQDFXN
GHYLFH DORQH DUH FOHDUO\ PLVVLQJ 5HIHUHQFH >@ GHVFULEHV D
F\FOLFWHVWRIWKLVGHYLFHRQO\DVDQLQWHJUDOSDUWRIDGLVVLSDWLYH
EUDFLQJRIORZVWUXFWXUDO³LQYDVLRQ´$OWKRXJKWKLVWHVWFOHDUO\
UHYHDOHG WKHGLVVLSDWLRQFDSDFLW\RI WKHGHYLFHDQG WKHYLVXDO
GHPDUFDWLRQ RI WKH \LHOGLQJ UHJLRQ GLVVLSDWLYH UHJLRQ QR
GHWDLOHG LQVWUXPHQWDWLRQZDVXVHG WRPRQLWRU VSHFLILFDOO\ WKH
GHYLFH UHVSRQVH DQG QR WHVWV ZHUH FRQGXFWHG RQ WKH GHYLFH
DORQH
7KLV SDSHU LQWURGXFHV D PHWKRGRORJ\ WR FDOLEUDWH WKH
SURSHUWLHV RI DQ HTXLYDOHQW QRQOLQHDU LQHODVWLF VSULQJ WKDW
UHSURGXFHV WKH H[SHFWHG K\VWHUHWLF UHVSRQVH RI D &GHYLFH
)XUWKHUPRUH DQ HODERUDWHPRGHO RI WKH&GHYLFH XVLQJ WZR
GLPHQVLRQDO'LQHODVWLFILQLWHHOHPHQW)(DQDO\VLVRIVROLG
HOHPHQWVXQGHUSODQHVWUHVVLVSUHVHQWHG5HVXOWVREWDLQHGIURP
)( DQDO\VHV DUH FRPSDUHG DJDLQVW WKRVH REWDLQHG IURP
H[SHULPHQWDOWHVWUHVXOWVXQGHUPRQRWRQLFDQGF\FOLFORDGV


)LJ&GHYLFHSURSRVHGE\>@
,,02'(//,1*2)7+(&'(9,&(,1',9,'8$/
A. Geometry of the Devices 
7R DVVHVV WKH HIIHFW RI ܮௗ DQG WKH DVSHFW UDWLR RI WKH
GLVVLSDWLYH UHJLRQ RQ WKH SHUIRUPDQFH RI WKH &GHYLFH D
QXPEHURI)(PRGHOVRIWKHGHYLFHZHUHLQLWLDOO\VWXGLHGXVLQJ
6$3>@7DEOH,VXPPDUL]HVWKHJHRPHWULFGLPHQVLRQVRI
WKH)(PRGHOVRI&GHYLFHVZLWKWKLFNQHVVtHTXDOWRPP

7$%/(,
*(20(75,&',0(16,2162)02'(/6
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'U -XDQ (QULTXH 0DUWLQH]5XHGD LV D 6HQLRU /HFWXUHU LQ (DUWKTXDNH
(QJLQHHULQJ DQG 6WUXFWXUDO '\QDPLFV DW WKH 8QLYHUVLW\ RI %ULJKWRQ /HZHV
5RDG&RFNFURIW%OGJ%1*-8.HPDLOMHP#EWRQDFXN
'HYHORSPHQWRI(TXLYDOHQW,QHODVWLF6SULQJVWR
0RGHO&'HYLFHV
2GD\$O0DPRRUL-(QULTXH0DUWLQH]5XHGD
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
B. FE Model of the C-Device 
7KHGHYLFHXQGHUVWXG\ZDVPRGHOOHGXVLQJDQDVVHPEO\RI
WKHWKUHHUHJLRQVLGHQWLILHGLQ)LJDV
 5HJLRQ$LVGHQRWHGDVHODVWLFUHJLRQ
 5HJLRQ& LV VXEGLYLGHG LQWR  QRQOLQHDU ILEUH HOHPHQWV
ZLWKUHFWDQJXODUFURVVVHFWLRQVRIYDULDEOHGHSWKV
 5HJLRQ%LVVXEGLYLGHGLQWRILYHQRQOLQHDUILEUHHOHPHQWV
ZLWK FRQVWDQW FURVV VHFWLRQ $ QXPEHU RI FRQYHUJHQFH
VWXGLHV VKRZHG WKHUH ZDV QR QHHG WR UHILQH )( PHVK
IXUWKHU
)RU WKH LQHODVWLF UHJLRQVILEUHVZHUHXVHG WRPRGHO WKH
FURVV VHFWLRQ )LJ  VKRZV WKH VLPSOLILHG PRGHO RI WKH &
GHYLFH,QJHQHUDOWKH&GHYLFHLVPRGHOOHGXVLQJDQDVVHPEO\
RILQHODVWLFILEUHHOHPHQWV$UROOHUMRLQWLVVLWXDWHGRQWKH
ULJKWHQGRIWKHGHYLFHPRGHOZKLOHDSLQQHGMRLQWLVSODFHGRQ
WKH OHIW HQG %DVLFDOO\ WKH UROOHU MRLQW DOORZV WKH GHYLFH WR
GHIRUPXQGHULPSRVHGGLVSODFHPHQWV¨DORQJWKHORQJLWXGLQDO
D[LVRIWKHGHYLFHVHH)LJZKLOHWKHSLQQHGMRLQWDOORZVIUHH
URWDWLRQV5LJLGOLQNVDUHXVHGWRPRGHOWKHGHYLFHDUPVUHJLRQ
$LQ)LJ
6WHHOZDVPRGHOOHGXVLQJLWVF\FOLFFXUYHDVWKHEDFNERQHRI
K\VWHUHWLF ORRSV DVVXPLQJ NLQHPDWLF KDUGHQLQJ 7KH \LHOG
VWUHQJWKRIVWHHOZDVWDNHQDV03D7KHSDUDPHWHUVRIWKH
F\FOLF FXUYH RI VWHHO K' DQG n' ZHUH REWDLQHG EDVHG RQ
SDUDPHWHUV RI WKH PRQRWRQLF VWUHVVVWUDLQ FXUYH HJ VWHHO
PRGHO VKRZQ LQ >@ +RZHYHU WKH F\FOLF \LHOG VWUHQJWK
UHTXLUHVFDOLEUDWLRQ>@7KHF\FOLFFXUYHZDVHVWLPDWHGEDVHG
RQWKHHTXDWLRQVXJJHVWHGLQ>@JLYHQEHORZ

  

 ns pKV H         
ZKHUH sV DQG pH DUHWKHQRUPDOVWUHVVDQGSODVWLFVWUDLQRI
VWHHOUHVSHFWLYHO\
,QWKHDQDO\VHVUHSRUWHGKHUHWKHF\FOLF\LHOGVWUHQJWK 
yf DQG
WKHF\FOLF\LHOGVWUDLQ 
yH IRUPLOGVWHHOZHUHWDNHQDV03D
DQG UHVSHFWLYHO\7KHSDUDPHWHUV 
n DQG 
K RI WKH
F\FOLF FXUYH ZHUH FDOLEUDWHG WR EH  DQG  03D
UHVSHFWLYHO\


)LJ)(PHVKRI&GHYLFHPRGHO
C.Study of the Response of Individual C-Devices 
)LJVKRZVWKHLQIOXHQFHRIWKHH[WHQVLRQRIWKHGLVVLSDWLYH
UHJLRQܮௗ RQ WKH WHQVLOHPRQRWRQLF UHVSRQVHRI WKH&GHYLFH
ZLWK3'HOWDHIIHFWVQHJOHFWHG,QJHQHUDOWKHVKRUWHUWKHOHQJWK
RIWKHGLVVLSDWLYHUHJLRQWKHKLJKHUWKHVWUHQJWKRIWKHGHYLFH
+RZHYHU WKH GLIIHUHQFH LQ VWUHQJWK LV QRW VLJQLILFDQW D 
DYHUDJHPD[LPXPGLIIHUHQFHZDVLGHQWLILHG


)LJ,QIOXHQFHRIܮௗRQWKHPRQRWRQLFEHKDYLRXURIWKH&GHYLFH
XQGHUPRQRWRQLFORDGLQJ
D.Modelling of the C-Device Using Equivalent Nonlinear 
Inelastic Springs 
7R PRGHO WKH QRQOLQHDU EHKDYLRXU RI WKH &GHYLFH LQ D
VLPSOHU ZD\ D QRQOLQHDU LQHODVWLF VSULQJ ZLWK NLQHPDWLF
KDUGHQLQJFDQEHXVHG7KLVDSSURDFKPDNHVWKHDQDO\VHVPRUH
HIILFLHQW LQ WHUPV RI FRPSXWDWLRQDO HIIRUW 7KH NLQHPDWLF
KDUGHQLQJPRGHOFDQUHSURGXFHPXOWLQRQOLQHDUSODVWLFLW\ZLWK
VHYHUDOW\SHVRIK\VWHUHWLFUHVSRQVH7KHHTXLYDOHQWQRQOLQHDU
VSULQJVHH)LJLVERXQGHGE\WZRMRLQWVDQGKDVDQRQOLQHDU
D[LDOVWLIIQHVV7KHSXVKRYHUUHVSRQVHRIDPRUHGHWDLOHGPRGHO
RIWKHGHYLFHHJ)LJFDQEHXVHGWRGHILQHWKHSURSHUWLHV
RIWKHHTXLYDOHQWVSULQJ


)LJ6NHWFKRIDQHTXLYDOHQWQRQOLQHDUVSULQJ
E. Response under Reversed Cyclic Loading 
$FRPSDULVRQRIWKHF\FOLFUHVSRQVHRIWKH&GHYLFHIRUWZR
GLIIHUHQW GHYLFH PRGHOV KDV EHHQ HVWDEOLVKHG 7KH F\FOLF
DQDO\VLV ZDV FRQGXFWHG E\ LPSRVLQJ WKH GLVSODFHPHQW
FRQWUROOHGORDGKLVWRU\VKRZQLQ)LJD
$VVKRZQLQ)LJEWKHREVHUYHGK\VWHUHWLFEHKDYLRXURI
WKHVLPSOLILHGPRGHORIWKH&GHYLFHRhbVHH7DEOH,LV
VLPLODUWRWKDWRIWKHHTXLYDOHQWQRQOLQHDUVSULQJPRGHO)LJ
E DOVR FRQILUPV WKDW WKH VWUHQJWK GHYHORSHG E\ WKH GHYLFH
GHSHQGVRQWKHLPSRVHGGXFWLOLW\7KXVLWFDQEHVHHQWKDWZKHQ
DGLVSODFHPHQWGXFWLOLW\RIο௬ZDVLPSRVHGWKHVWUHQJWKRI
WKH&GHYLFHZDVDSSUR[LPDWHO\LQH[FHVVRI WKDWDW WKH
\LHOGFRQGLWLRQREWDLQHGIURPWKHPRQRWRQLFUHVSRQVH
$ PRUH SUHFLVH XQGHUVWDQGLQJ RI WKH EHKDYLRXU RI WKH &
GHYLFH IRU WZR GLIIHUHQW GHYLFHPRGHOV FDQ EH HVWDEOLVKHG LQ
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
WHUPV RI HQHUJ\ GLVVLSDWLRQ DQG VWLIIQHVV GHJUDGDWLRQ
FRPSDULVRQV)LJ  LOOXVWUDWHV WKH HYROXWLRQRI WKH K\VWHUHWLF
HQHUJ\GLVVLSDWHGE\ERWKPRGHOV7KHWRWDOK\VWHUHWLFHQHUJ\
GLVVLSDWHG E\ WKH GHYLFH DW WKH HQG RI WKH ORDG KLVWRU\ ZDV
DURXQGN1P)LJLOOXVWUDWHVWKHVHFDQWVWLIIQHVVDVVHVVHG
SHDNWRSHDN RI D JLYHQ K\VWHUHVLV ORRS $W WKH HQG RI WKH
KLVWRU\WKHVHFDQWVWLIIQHVVLVMXVWRIWKHYDOXHREWDLQHGIRU
WKHILUVWF\FOH%RWK)LJVDQGFRQILUPWKDWWKHHTXLYDOHQW
QRQOLQHDUVSULQJHIIHFWLYHO\UHSURGXFHVWKHEHKDYLRXURIDPRUH
HODERUDWHDQGGHWDLOHGPRGHORIWKHGHYLFH



)LJ'LVSODFHPHQWKLVWRU\DQGFRPSDULVRQRIF\FOLFUHVSRQVHRIWKH
&GHYLFHIRUWZRGLIIHUHQWGHYLFHPRGHOV


)LJ&RPSDULVRQRIWKHK\VWHUHWLFHQHUJ\GLVVLSDWHGE\&GHYLFHIRU
WZRGLIIHUHQWGHYLFHPRGHOVXQGHUUHYHUVHGF\FOLFORDGLQJ

)LJ&RPSDULVRQRISUHGLFWHGVWLIIQHVVGHJUDGDWLRQXVLQJGLIIHUHQW
GHYLFHPRGHOVXQGHUUHYHUVHGF\FOLFORDGLQJ
,,,02'(//,1*2)7+(&'(9,&(&211(&7('725&0(0%(56
A. Definition of Member Models 
)LJ  VKRZV 5& FROXPQ PRGHOV ZLWK WZR GLIIHUHQW
DSSURDFKHVWRPRGHOWKHGHYLFHV7KHFROXPQPRGHOVUHSUHVHQW
DFDQWLOHYHUFROXPQVXSSRUWLQJDOXPSHGPDVVܯDWWKHWRS7KH
PDVVZDVVHOHFWHGVRWKDWWKHLQLWLDOSHULRGRIWKHPRGHOLV
VHF $V WKH FROXPQV KDYH D SLQQHG MRLQW DW WKHLU EDVH WKH
DWWDFKHGGHYLFHVSURYLGHVWUHQJWKDQGVWDELOLW\WRWKHV\VWHP
$VHWRIULJLGOLQNVZLWKOHQJWKHTXDOWRKDOIRIWKHFROXPQ
FURVVVHFWLRQGHSWKVHH)LJLVXVHGWRFRQQHFWWKHGHYLFHVWR
WKHFROXPQZKLOHWZRPRUHULJLGOLQNVDUHSURYLGHGWRFRQQHFW
WKHGHYLFHVWRWKHIRXQGDWLRQ)LJGHILQHVWKHUHTXLUHGOHQJWKV
݁௫DQG݁௬RIWKHULJLGOLQNV7KHDVVHPEO\RIFRQQHFWLRQSODWHV
VKRZQ LQ)LJPXVWKDYHDGHTXDWHVWUHQJWKDQGVWLIIQHVV WR
DFKLHYH WKH PD[LPXP HIILFLHQF\ RI WKH &GHYLFHV 7KH
DVVHPEO\RIFRQQHFWLRQSODWHVFRQVLVWLQJRIDQFKRUEROWV DQG
EDVHSODWHVZLWKSLQQHGMRLQWVPXVWEHGHVLJQHGWRUHVLVWIRUFHV
KLJKHUWKDQWKH\LHOGVWUHQJWKRIGHYLFHVWKLVZLWKWKHDLPRI
FRQFHQWUDWLQJHQHUJ\GLVVLSDWLRQRQO\LQWKH+(''V>@7KH
5&FROXPQVZHUHPRGHOOHGXVLQJDILEUHHOHPHQWDSSURDFKWR
GHILQHWKHUHVSRQVHRIWKHSODVWLFKLQJHUHJLRQV0RUHGHWDLOHG
LQIRUPDWLRQDERXWWKLVPRGHOFDQEHIRXQGLQ>@


)LJ,QFRUSRUDWLRQRI&GHYLFHVDURXQGDSLQQHGFROXPQEDVH
B. Response under Monotonic Lateral Loading 
7KHSXVKRYHUUHVSRQVHVRIWKHFROXPQPRGHOVDUHLOOXVWUDWHG
LQ)LJ7KHVHUHVSRQVHVZHUHREWDLQHGE\DSSO\LQJDODWHUDO
GLVSODFHPHQW RIPDW WKH WRSRI WKH FROXPQV7KH\LHOG
GLVSODFHPHQW DQG PD[LPXP VWUHQJWK RI WKH FROXPQ PRGHO
XVLQJ&GHYLFHVRhbUHIHUWR7DEOH,ZLWKDWKLFNQHVVRI
PPZHUHIRXQGWREHPDQGN1UHVSHFWLYHO\
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
$ FOHDU VLPLODULW\ LQ WKH WZR SXVKRYHU UHVSRQVHV FDQ EH
REVHUYHG


)LJ(FFHQWULFLWLHV xe DQG ye 


)LJ&RPSDULVRQRISXVKRYHUUHVSRQVHRIWKHFDQWLOHYHUFROXPQ
ZLWK&GHYLFHVIRUWZRGLIIHUHQWGHYLFHPRGHOV
C.Response under Earthquake Ground Motion (EGM) 
$QRQOLQHDUWLPHKLVWRU\DQDO\VLVRIWKHFROXPQPRGHOXVLQJ
WZR VLPSOLILHG PRGHOV VXEMHFWHG WR WKH (O &HQWUR  16
HDUWKTXDNH UHFRUG ZDV SHUIRUPHG DVVXPLQJ ]HUR YLVFRXV
GDPSLQJ7KHDQDO\VLVFRQVLGHUHGRQO\WKHILUVWVHFRQGVRI
WKH(*0LQFOXGLQJVHFRQGVRI]HURDFFHOHUDWLRQDVVKRZQLQ
)LJ7KLVDOORZHGWKHHVWLPDWLRQRIUHVLGXDOGLVSODFHPHQWV
7KUHHLQWHQVLW\OHYHOVZHUHFRQVLGHUHGLQWHQVLW\3*$ 
J  LQWHQVLW\ 3*$   J DQG  LQWHQVLW\
3*$ J7KHILUVWLQWHQVLW\LVUHSUHVHQWDWLYHRIDJURXQG
PRWLRQWKDWPD\LQLWLDWH\LHOGLQJLQWKHGHYLFHV7KHVHFRQGDQG
WKLUG LQWHQVLWLHV DUH UHSUHVHQWDWLYH RI JURXQG PRWLRQV WKDW
SURGXFHVLJQLILFDQW\LHOGLQJLQWKHGHYLFHV
,WLVREVHUYHGLQ)LJWKDWERWKPRGHOVKDYHYLUWXDOO\WKH
VDPHGLVSODFHPHQW UHVSRQVH7KHPD[LPXPGLVSODFHPHQWIRU
ERWKPRGHOVZDVIRXQGWREHPPDQGP
IRU (*0 VFDOHG WR 3*$    J  J DQG  J
UHVSHFWLYHO\,WLVREVHUYHGWKDWWKHJUHDWHUWKHLQWHQVLW\RIWKH
(*0WKHODUJHUWKHUHVXOWLQJUHVLGXDOGLVSODFHPHQWVDUH$OVR
WKHK\VWHUHWLFUHVSRQVHVKRZVYHU\FORVHDJUHHPHQWEHWZHHQWKH
WZR PRGHOV DV VKRZQ LQ )LJ  $ PRUH H[KDXVWLYH VHW RI
UHVXOWVFDQEHIRXQGHOVHZKHUH>@


)LJ(O&HQWUR16(*0


)LJ&RPSDULVRQRIGLVSODFHPHQWUHVSRQVHWLPHKLVWRU\RIWKH
FDQWLOHYHUFROXPQZLWK&GHYLFHVIRUWZRGLIIHUHQWGHYLFHPRGHOV
XQGHU(O&HQWUR(*0VFDOHGDWWKUHHLQWHQVLW\OHYHOV


)LJ&RPSDULVRQRIK\VWHUHWLFEHKDYLRXURIWKHFDQWLOHYHUFROXPQ
ZLWK&GHYLFHVIRUWZRGLIIHUHQWGHYLFHPRGHOVXQGHU(O&HQWUR(*0
VXEMHFWHGWR3*$ J
,97(675(68/7696)(6,08/$7,2162)7+(&'(9,&(
7KLV VHFWLRQ SUHVHQWV FRPSDUDWLYH H[DPSOHV EHWZHHQ WKH
H[SHULPHQWDOUHVXOWVDQGWKHQXPHULFDOUHVXOWVREWDLQHGIURP)(
DQDO\VHV FRQGXFWHG LQ 6$3 >@ DQG $',1$ >@
UHVSHFWLYHO\,QWKHLQWHUHVWRIEUHYLW\RQO\RQHH[DPSOHLVJLYHQ
IRUERWK6$3DQG$',1$$PRUHH[KDXVWLYHVHWRIUHVXOWV
FDQEHIRXQGHOVHZKHUH>@
'LPHQVLRQVRIWKH&GHYLFHXVHGIRUWHVWLQJDQGPRGHOOLQJ
DUHVXPPDUL]HGLQ7DEOH,,$PLOGVWHHOSODWHZLWKWKHJUDGH
6DQGDSODWHWKLFNQHVVRIPPZDVXVHGWRSURGXFHWKH
&GHYLFH7KHF\FOLFFXUYHRIVWHHODVGHVFULEHGLQ6HFWLRQ,,
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
ZDVXVHGWRPRGHOWKHVWHHOK\VWHUHWLFUHVSRQVHRIWKH&GHYLFH

7$%/(,,
*(20(75,&',0(16,21686(')257(67,1*$1'02'(//,1*2)7+(&
'(9,&(
1R 'HYLFH1DPH
ܮௗ
>PP@
ݎ
>PP@
݄௕
>PP@
݄௖
>PP@
ܮ௬
>PP@
ܮ
>PP@
ܮ௫
>PP@
݄
>PP@
׎
>PP@
 Rhb         
A. Test Results vs. SAP2000 Model 
)LJ  VKRZV D FRPSDUDWLYH H[DPSOH RI WHVW UHVXOWV YV
QXPHULFDO SUHGLFWLRQV REWDLQHG ZLWK 6$3 XVLQJ DQ
DVVHPEO\RILQHODVWLFILEUHHOHPHQWVVHHPRGHOVKRZQLQ)LJ
 ,W LV REVHUYHG WKDW QXPHULFDO PRGHO ZDV FDSDEOH RI
SUHGLFWLQJFORVHO\HQRXJKWKHF\FOLFUHVSRQVHRIWKH&GHYLFH
7KH ORDGLQJ DQG XQORDGLQJ VWLIIQHVV SUHGLFWHG E\ WKH
QXPHULFDOPRGHODUHVOLJKWO\KLJKHUWKDQWKRVHREVHUYHGLQWKH
WHVW+RZHYHU WKHPD[LPXPVWUHQJWKRI WKH VSHFLPHQ DW WKH
HDUO\ DQG SRVW\LHOG K\VWHUHWLF UHVSRQVHV REWDLQHG IURP WKH
QXPHULFDO PRGHO DUH ERWK LQ DFFRUGDQFH ZLWK WKH REVHUYHG
H[SHULPHQWDOEHKDYLRXU
%DVHGRQWKHFRPSDUDWLYHH[DPSOHVKRZQLQ)LJWKH)(
PRGHOEXLOW LQ6$3FDQEHFRQVLGHUHGUHOLDEOH WRSUHGLFW
WKHF\FOLFEHKDYLRXURIWKH&GHYLFHV


)LJ&RPSDULVRQH[DPSOHWHVWvs.QXPHULFDOSUHGLFWLRQ
B. Test Results vs. ADINA Model 
,QHODVWLF'SODQHVWUHVVVROLGHOHPHQWVZHUHXVHGWRPRGHO
WKH &GHYLFH LQ $',1$ $ VLPLODU PRGHOOLQJ DSSURDFK KDV
EHHQZLGHO\XVHGE\RWKHUUHVHDUFKHUV>@>@7KH'VROLG
HOHPHQWVXQGHUSODQHVWUHVVZHUHGHILQHGLQWKH=<SODQHZLWK
DFRQVWDQWWKLFNQHVVHOHPHQWPP7KLVHODERUDWH)(PRGHO
ZDVPHVKHGE\XVLQJQRGHTXDGULODWHUDOILQLWHHOHPHQWVEDVHG
RQWKHFULWHULDGHVFULEHGLQ>@7RLGHQWLI\ZKHWKHUWKHPHVK
XVHGLVILQHHQRXJKWKHFULWHULRQRIWKHVWUHVVEDQGPHWKRG>@
ZDV DSSOLHG 7KH )( PRGHO DOVR DFFRXQWV IRU WKH IULFWLRQDO
IRUFHV GHYHORSHG EHWZHHQ WKH VWHHO SODWH FRQIRUPLQJ WKH &
GHYLFHDQGWKHEROWVFRQQHFWLQJWKHGHYLFH WR WKHEDVHSODWHV
7KH DSSURDFK WRPRGHO WKH IULFWLRQDO LQWHUDFWLRQEHWZHHQ WKH
EROW DQG WKH GHYLFH ZDV EDVHG RQ DVVXPLQJ WKDW &GHYLFH
HOHPHQWVDUHVHOHFWHGWREHWKHµFRQWDFWRU¶GHIRUPDEOHVXUIDFH
DQGWKHEROWLVGHILQHGDVDULJLGVXUIDFH$GGLWLRQDOO\ZLWKLQ
WKHFRQWDFWSDLUWKHQRGHVRIWKHGHYLFHHOHPHQWVDUHSUHYHQWHG
IURPSHQHWUDWLQJWKHVHJPHQWVRIWKHEROWVXUIDFHEXWQRWYLFH
YHUVD$]HURJDSLVDOVRDVVXPHGDWWKHFRQWDFWVXUIDFHZKLFK
PHDQV WKDW WKH GHYLFH HOHPHQWV DUH LGHDOLVHG DV WRXFKLQJ WKH
EROW VXUIDFH $ IULFWLRQ FRHIILFLHQW HTXDO WR  >@ ZDV
DVVLJQHGWRWKHFRQWDFWHOHPHQWVZKHQWKHIULFWLRQLVFRQVLGHUHG
)LJVKRZVDFRPSDULVRQRISXVKRYHUUHVSRQVHIRUPRGHOV
LPSOHPHQWHGLQ6$3DQG$',1$$YHU\JRRGDJUHHPHQW
LVREVHUYHGLQWHUPVRIVWUHQJWKDQGVWLIIQHVVIRUWKHHQWLUHUDQJH
RIGLVSODFHPHQWV

)LJ&RPSDULVRQRID)(DQDO\VLVSUHGLFWLRQV

7KHFRPSDULVRQEHWZHHQD)(PRGHOEXLOWLQ$',1$DQGWKH
H[SHULPHQWDO WHVW LOOXVWUDWHG LQ )LJ  GHPRQVWUDWHG WKDW
VLPXODWLRQVFDQVXFFHVVIXOO\SUHGLFWWKHEHKDYLRXURIWKHWHVWHG
&GHYLFHV%RWKGHIRUPHGVKDSHVDUHTXLWHVLPLODUDQGUHVXOWHG
LQDJRRGDJUHHPHQW$VFDQEHVHHQIURPWKHILJXUHVLQHODVWLF
VWUHVV LVPDLQO\ FRYHULQJ WKHGLVVLSDWLYH UHJLRQRI WKH GHYLFH
DQG WKH VWUHVV LQWHQVLW\ LQ WKH FLUFXODU WUDQVLWLRQ UHJLRQV LV
UHODWLYHO\ORZ7KLVPRGHOLVDEOHWRFDSWXUHWKHH[SHFWHGVWUHVV
GLVWULEXWLRQ 6LPLODU DJUHHPHQWVZHUH DOVR REVHUYHGZLWK WKH
RWKHUGHYLFHWHVWV>@
)LJDOVRFRQILUPVWKDWWKHRULJLQDOLQWHQGHGHIIHFWRIWKH
FLUFXODU WUDQVLWLRQV >@ DFWXDOO\ RFFXU DV \LHOGLQJ WDNHV SODFH
SULPDULO\LQVLGHWKHGLVVLSDWLYHUHJLRQ,QIDFWWKHGLVWULEXWLRQ
RI WKH YRQ 0LVHV VWUHVV SUHVHQWV WKH PRVW LQWHQVH LQHODVWLF
YDOXHVPDLQO\ RYHU D ODUJH YROXPH RI WKH GLVVLSDWLYH UHJLRQ
0LOG \LHOGLQJ LV HYLGHQW RYHU D VPDOO UHJLRQ RI WKH FLUFXODU
WUDQVLWLRQ


)LJ&RPSDULVRQRIVWUHVVGLVWULEXWLRQEHWZHHQWHVWREVHUYDWLRQV
DQGYRQ0LVHVVWUHVVSUHGLFWHGZLWK$',1$
HYLGHQFHRILQHODVWLF
EHKDYLRXU
=
<
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
9&21&/86,21
7KLVZRUN KDV VKRZQ WKDW WKH XVH RI HTXLYDOHQW QRQOLQHDU
VSULQJV LV DQ HIIHFWLYH DSSURDFK WRPRGHO WKHPRQRWRQLF DQG
F\FOLFEHKDYLRXURI&GHYLFHV7KHSURSHUWLHVRIWKHVHVSULQJV
FDQEHFDOLEUDWHGEDVHGRQWKH UHVXOWVREWDLQHGIURPLQHODVWLF
)(DQDO\VLVRUWHVWVRIWKH&GHYLFH,QIDFWWHVWUHVXOWVRIWKH
GHYLFH UHSRUWHGKHUH VKRZHGJRRGDJUHHPHQWZLWKQXPHULFDO
SUHGLFWLRQVREWDLQHGZLWKWZR)(PRGHOVRIGLIIHUHQWOHYHORI
VRSKLVWLFDWLRQ,WZDVDOVRREVHUYHGWKDWWKHVLPSOHU)(PRGHO
EXLOW LQ 6$3 UHO\LQJ SULPDULO\ RQ D QRQOLQHDU ILEUH
HOHPHQW IRUPXODWLRQ VKRZHG JRRG DJUHHPHQW ZLWK WKH
HODERUDWH PRGHO EXLOW LQ $',1$ ZKLFK PDGH XVHG RI '
LQHODVWLFSODQHVWUHVVHOHPHQWV
5()(5(1&(6
>@ .HOO\ - 0 6NLQQHU 5 , DQG +HLQH $ - ³0HFKDQLVPV RI HQHUJ\
DEVRUSWLRQ LQ VSHFLDO GHYLFHV IRUXVH LQHDUWKTXDNH UHVLVWDQW VWUXFWXUHV
%XOOHWLQRIWKH1=´National Society for Earthquake Engineering9RO
SS
>@ 6NLQQHU57\OHU5DQG+HLQH$³6WHHOEHDPGDPSHUVIRULQFUHDVLQJ
WKHHDUWKTXDNHUHVLVWDQFHRIVWUXFWXUHV´7th World Conference, Istanbul
>@ &LDPSL93DRODFFL ) DQG3HUQR6 ³'\QDPLF WHVWV RI D GLVVLSDWLYH
EUDFLQJ V\VWHP IRU VHLVPLF FRQWURO RI IUDPHG VWUXFWXUHV´ WIT 
Transactions on The Built Environment9RO
>@ 6NLQQHU5,5RELQVRQ:+DQG0F9HUU\*+An introduction to 
seismic isolation-RKQ:LOH\	6RQV
>@ 0H]]L0DQG3DUGXFFL$³6HLVPLFLVRODWHGEULGJHVVWUXFWXUHVLQ,WDO\´
Earthquake Engineer10th World9ROSS
>@ 0DUWLQH]5XHGD-(³&\FOLFUHVSRQVHRIDORZLQYDVLYLW\EUDFLQJV\VWHP
IRUWKHSDVVLYHFRQWURORIIUDPHGVWUXFWXUHV´13th World Conference on 
Earthquake Engineering 9DQFRXYHU %& &DQDGD 3DSHU 1R 
$XJXVW
>@ &RPSXWHUDQG6WUXFWXUH,QF6$3³,QWHJUDWHGILQLWHHOHPHQWDQDO\VLV
DQG GHVLJQ RI VWUXFWXUHV´ Computers and Structures, Inc. %HUNHOH\
&DOLIRUQLD86$
>@ 3DUN5 DQG6DPSVRQ5$ ³'XFWLOLW\RI UHLQIRUFHG FRQFUHWH FROXPQ
VHFWLRQVLQVHLVPLFGHVLJQ´ASCE Journal of the Structural Division9RO
SS
>@ 2GD\$O0DPRRUL³6HLVPLFUHGHVLJQRISUHFDVWSRUWDOIUDPHVXVLQJ\LHOG
&GHYLFHV´PhD thesis, 8QLYHUVLW\RI%ULJKWRQ6FKRRORI(QYLURQPHQW
DQG7HFKQRORJ\RQJRLQJ
>@ &RILH1*DQG.UDZLQNOHU+³8QLD[LDOF\FOLFVWUHVVVWUDLQEHKDYLRURI
VWUXFWXUDO VWHHO´ Journal of Engineering Mechanics 9RO  SS

>@ 0DUWLQH]5XHGD-(³(QHUJ\GLVVLSDWLRQGHYLFHVIRUVHLVPLFXSJUDGLQJ
RI 5& VWUXFWXUHV´ PhD Dissertation ,PSHULDO &ROOHJH RI 6FLHQFH
7HFKQRORJ\DQG0HGLFLQH&LYLO(QJLQHHULQJ
>@ $',1$,³$GLQD$)LQLWH(OHPHQW3URJUDPIRU$XWRPDWLF'\QDPLF
,QFUHPHQWDO1RQOLQHDU$QDO\VLV´ADINA Engineering Inc:DWHUWRZQ
0$86$
>@ 6XVVPDQ 7 DQG %DWKH .- ³6WXGLHV RI ILQLWH HOHPHQW SURFHGXUHV²
VWUHVV EDQG SORWV DQG WKH HYDOXDWLRQ RI ILQLWH HOHPHQW PHVKHV´
Engineering computations9ROSS
>@ *KDEUDLH . &KDQ 5 +XDQJ ; ;LH < ³6KDSH RSWLPL]DWLRQ RI
PHWDOOLF \LHOGLQJ GHYLFHV IRU SDVVLYH PLWLJDWLRQ RI VHLVPLF HQHUJ\´
Engineering Structures9ROSS
>@ 0RUDGL6DQG$ODP06³)LQLWHHOHPHQWVLPXODWLRQRISRVWWHQVLRQHG
VWHHOFRQQHFWLRQVZLWKEROWHGDQJOHVXQGHUF\FOLFORDGLQJ´ASCE Journal 
of Structural Engineering9RO
>@ -LDR<6DLWR0DQG.RKQR0³)DWLJXHEHKDYLRURIVWHHOVOLWGDPSHUV
ZLWK YDULRXV VKDSHV´ 16th World Conference on Earthquake 
Engineering, 16WCEE 20176DQWLDJR&KLOH1
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